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VANISHINGLY SMALL INTEGRATED
CIRCUIT DIODE

This application claims priority under 35 USC § 119(e)
(1) of provisional U.S. application Ser. No. 60/107,180 filed

Nov. 5 1998,

FIELD OF THE INVENTION

The 1invention relates to the field of integrated circuits, and
more particular to the implementation of a vanishingly small
arca diode 1n an integrated circuit.

BACKGROUND OF THE INVENTION

Diodes are used 1n a wide variety of integrated circuit
applications. One such application 1s a circuit element that
blocks the flow of current 1n a particular direction. In another
application, the diode can be used as a voltage clamp or to
provide a reference voltage. Diodes are used to provide
clectrostatic discharge circuit protection for integrated cir-
cuit elements that are particular susceptible to electrostatic
damage. In some fast switching integrated circuit
applications, diodes with very short switching times are
used.

Integrated circuit diodes are typically made by defining a
window 1n a thick field oxide and implanting or diffusing a
dopant species such as arsenic, phosphorous, or boron. This
results 1n the formation of a p-n junction diode with an arca
defined by the capability of the photolithography used to
define the window. In addition to photolithography, the
implant depth and the amount of diffusion of the species will
also determine the size of the diode.

Along with the increasing complexity of integrated cir-
cuits there 1s a corresponding increase 1n the packing density
of the devices making up the circuit. One of the main
constraints on the packing density of itegrated circuits 1s
the area that each device occupies.

In complex integrated circuit applications diodes with
very short switching times are often required. Typically this
1s accomplished by implanting or diffusing a species which
will act to reduce the carrier lifetime 1n the active diode
region. This additional implant and diffusion adds complex-
ity and cost to the process.

Programmable array structures are essential in applica-
tions 1n which there 1s a need for the circuit to be configured
by the end user. This requires a method of forming the
structure and/or defining the electrical connections after the
processing of the integrated circuit has been completed.
Such a structure often requires complex metallization pat-

terns and fusable links.

Accordingly, 1t would be desirable to implement a very
small area programmable diode with a fast switching time
without an increase 1n process complexity or cost.

SUMMARY OF THE INVENTION

The 1nstant invention 1nvolves the implementation of a
vanishingly small diode with a very short switching time
without adding process complexity and cost. In addition, 1t
provides a method for implementing a programmable array
diode structure.

An embodiment of the instant invention 1s a method of
forming a vanishingly small diode with short switching
fimes. The method comprises forming an area of a thin
dielectric film over a conductive silicon surface of one
conductivity type. This thin dielectric area 1s formed 1n a
region of a thick dielectric film over the conductive silicon
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surface. A first conductive path 1s formed from the conduc-
tive silicon surface to an operating circuit. A conductive
silicon film of a second conductivity type 1s formed over the
thin dielectric region. A second conductive path 1s formed
from the conductive silicon film to the operating circuit. A
voltage 1s applied to the conductive silicon film which 1s
suflicient to form at least one region of the second conduc-
fivity type 1n the conductive silicon surface and at least one
third conductive path through the thin dielectric film.
Preferably, the conductive silicon {film 1s a polysilicon film.

Another embodiment of the instant mnvention 1s a vanish-
ingly small integrated circuit diode with a very short switch-
ing time. The diode comprises an area of a thin dielectric
film over a conductive silicon surface of one conductivity
type 1n a region of a thick dielectric film over the conductive
silicon surface. A first conductive path from the conductive
silicon surface to an operating circuit. A conductive silicon
film of a second conductivity type over the thin dielectric
region and a second conductive path from the conductive
silicon film to the operating circuit. A region of the second
conductivity type 1n the conductive silicon surface and a
third conductive path through the thin dielectric film that
connects the region of the second conductivity type in the
conductive silicon surface to the conductive silicon film.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a side sectional view of a conventional
integrated circuit diode.

FIG. 2 shows a side sectional view of a particular embodi-
ment of the instant invention before the application of a
voltage pulse.

FIG. 3 shows a side sectional view of the formation of the
small area fast switching time diode structure.

FIG. 4 shows the forward current characteristic for a
diode of the instant invention.

FIG. 5 shows the reverse current characteristic for a diode
of the mstant 1nvention.

DETAILED DESCRIPTION OF THE
INVENTION

A typical integrated circuit diode 1s illustrated in FIG. 1.
It consists of a doped silicon substrate 10 which can either
be of the n-type or the p-type conductivity type. Surrounding
the diode are areas of a thick dielectric film 100 which
provide 1solation for the diode from the other components on
the silicon surface. The thick dielectric 1s usually silicon
dioxide which 1s formed on the silicon surface by a thermal
oxidation process. The active area of the diode, which 1is
defined by the edges of the thick dielectric film 100, is
formed using photolithography. In standard integrated cir-
cuit processing, two factors affect the active area of an
integrated circuit diode. These are encroachment of the thick
dielectric film 1nto the area defined by photolithography, and
diffusion of the dopant species imntroduced to form the diode.
This dopant species 1s introduced using 1on implantation or
thermal diffusion from a source gas and will result 1n a
region of opposite conductivity type 101 to that of the silicon
surface. After the introduction of the dopant species into the
silicon surface, thermal processing 1s required to activate the
dopant species. This thermal process causes the dopant
species to diffuse into the silicon surface 10 resulting in an
increase 1n the active diode area. To provide electrical
contact to the diode addition dielectric films are formed 103,
a contact window opened, and a metal film 102 used to fill
the window and contact the diffused region 101.
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The 1instant 1mnvention will be described by referring to
FIGS. 2 and 3. Referring to FIG. 2, a conductive semicon-
ductor surface of a particular conductivity type 1s provided
10. The conductivity of the semiconductor surface 10 being
cither be n-type or p-type. A thick dielectric region 100 1s
formed on the semiconductor surface 10 and an opening is
formed 1n the thick dielectric region. A thin dielectric film
201 1s formed on the semiconductor surface in the opening.
In an embodiment of the instant invention the thin dielectric
film 1s comprised of a material selected from the group
consisting of silicon dioxide, silicon oxynitride, silicon
nitride, and any combination thereof. In addition the thin
dielectric film can comprise a plurality of films selected
from the group consisting of silicon dioxide, silicon
oxynitride, silicon nitride, and any combination thereof. A
layer of silicon containing material 202 1s formed over the

thick dielectric film 100 and the thin dielectric film 201.
Preferably, this silicon-containing material 1s comprised of
polycrystalline silicon (“poly” or “polysilicon”), but it may
be comprised of epitaxial silicon or any other semiconduct-
ing material. A dopant 1s preferably introduced into the
silicon-containing material so as to increase the conductivity
of the silicon-containing material. This 1s preferably fol-
lowed by an anneal step so as to drive the dopant into the
silicon-containing material. The dopant introduced 1nto the
silicon-containing material must be of the opposite type to
that in the conductive silicon surface 10. Thus, 1f a n-type
dopant 1s used 1n the silicon surface then a p-type dopant
must used 1n the silicon-containing material 202. Also, 1f a
p-type dopant 1s used 1n the silicon surface 10 then a n-type
dopant must be used 1n the silicon-containing material. The
silicon surface 10 and the silicon-containing layer 202 are
both connected to an operating circuit via separate conduct-
ing paths. Preferably, these conducting paths will consist of
lines that are made to contact the silicon surface 10 and the
silicon-containing material 202. These conducting paths can
be formed using polysilicon, aluminum, copper, titanium,
tungsten, titanium nitride or any combination of these and
other materials that result 1n lines of low resistivity. In
addition to connecting the structure to an operating circuit,
the conducting paths can be used to connect the structure to
bond pads for connection to structures external to the

integrated circuit.

Referring to FIG. 3, a voltage or current 1s applied to the
silicon-containing layer 202 and the silicon surface 10 such
that the silicon surface directly beneath the thin dielectric
film 201 becomes accumulated with majority carriers. In
applying a voltage, as this voltage 1s increased, current will
begin to flow through the oxide. This current will be the
Fowler-Nordheim current, tunneling current, or current due
to some other mechanism. Increasing the voltage above a
critical value will result 1n the formation of a conductive
path 301 1n the thin dielectric film 201 and a doped region
302 1n the semiconductor surface 10.

This critical value of voltage 1s an 1mportant criteria in
determining the relationship between the thick dielectric
f1lm 100 and the thin dielectric film 201. The thickness of the
thick dielectric film 100 must be such that at the critical
voltage no current flows through the thick dielectric film
100. In addition, the thin dielectric region 201 must be of a
thickness to minimize the current component due to direct
tunneling the flows through the thin dielectric film 201.

Alternatively, if a current 1s applied, an increase in the
value of the current will result 1n an 1ncrease 1n the voltage
across the structure. At some critical value of current the
conductive path 301 and the doped region 302 will form.

In another embodiment, a constant voltage or current can
be applied. In this case after a certain critical time the
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conductive path 301 and the doped region 302 will form. In
all cases, the resulting doped region 302 that 1s formed will
be of the same conductivity type as the silicon-containing
layer 202. The size of the doped region 302 will be deter-
mined to a first order by the size of the conductive path.
Although the exact mechanism of the process in not well
understood, 1t 1s believed the size of the conductive will be
on the order of defect structures in the thin dielectric 201.

In another embodiment of the instant invention, the struc-
ture shown m FIG. 3 1s repeated to form an array with
separate conductive paths to each silicon-containing layer.
The diode formation process can then be carried out at any
time by simply applying the critical voltage to the conduc-
tive path connected to the silicon-containing layer in the
position where the diode 1s to be formed.

[llustrated 1n FIG. 4 1s the forward current characteristic
401 of a diode of the instant invention. The reverse current
characteristic 501 of the diode 1s shown 1n FIG. 5. For this
structure, the silicon surface 10 was boron doped, and the

silicon-containing layer 202 was phosphorous doped poly-
silicon.

The diodes implemented using the mstant invention have
a very short switching time. The mechanism that results 1n
this short switching time 1s not well understood, but 1is
believed to be related to damage produced at the silicon
surface 10 during the formation of the conductive path 301
and the doped region 302.

Although specific embodiments of the present invention
are herein described, they are not to be construed as limiting,
the scope of the ivention. Many embodiments of the
present invention will become apparent to those skilled 1n
the art 1n light of the methodology of the specification. The
scope of the 1nvention 1s limited only by the claims
appended.

I claim:

1. A method of forming a diode comprising:

forming an area of a thin dielectric film over a conductive
silicon surface of one conductivity type in a region of
a thick dielectric film over the conductive silicon
surface of one conductivity type;

forming a conductive silicon {ilm of a second conductivity
type over the thin dielectric region;

causing at least one region of the second conductivity type
in the conductive silicon surface; anc

causing at least one conductive path through the thin

dielectric film.

2. The method of claim 1, wherein said thick dielectric
f1lm 1s silicon dioxide.

3. The method of claim 1, wherein said thin dielectric film
1s comprised of a material selected from the group consisting
of silicon dioxide, silicon oxynitride, silicon nitride, and any
combination thereof.

4. The method of claim 1, wherein said thin dielectric film
1s a plurality of films selected from the group consisting of
silicon dioxide, silicon oxynitride, silicon nitride, and any
combination thereof.

5. The method of claim 1, wherein said conductive silicon
film 1s comprised of a material selected from the group
consisting of: doped polysilicon, undoped polysilicon, epi-
taxial silicon, and any combination thereof.

6. The method of claim 1, wherein said causing consists
of applying a voltage.

7. The method of claim 1, wherein said causing consists
of applying a current.

8. A method of forming a diode comprising;:

forming region of a thick dielectric film over a conductive
silicon surface of one conductivity type;
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forming an area of a thin dielectric film over said con-
ductive silicon surface of one conductivity type 1n said
region of said thick dielectric film;

forming a first conductive path from the conductive
silicon surface to an operating circuit;

forming a conductive silicon film of a second conductivity
type over the thin dielectric region;

forming a second conductive path from the conductive
silicon film to the operating circuit; and

causing at least one region of the second conductivity type
in the conductive silicon surface and at least one third
conductive path through the thin dielectric film by
applying a voltage difference across the first conductive
path and the second conductive path.

9. The method of claim 8, wherein said thick dielectric
f1lm 1s silicon dioxide.

10. The method of claim 8, wherein said thin dielectric
film 1s comprised of a material selected from the group
consisting of silicon dioxide, silicon oxynitride, silicon
nitride, and any combination thereof.

11. The method of claim 8, wherein said thin dielectric
f1lm 1s a plurality of films selected from the group consisting
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of silicon dioxide, silicon oxynitride, silicon nitride, and any
combination thereof.

12. The method of claim 8, wherein said first conductive
path 1s comprised of a material selected from the group
consisting of doped polysilicon, aluminium, copper,
fitanium, tungsten, titanium nitride, and any combination
thereof.

13. The method of claim 8, wherein said conductive
silicon film 1s comprised of a material selected from the
group consisting of: doped polysilicon, undoped polysilicon,
epitaxial silicon, and any combination thereof.

14. The method of claim 8, wherein said second conduc-
tive path 1s comprised of a material selected from the group
consisting of doped polysilicon, aluminum, copper,
fitanium, tungsten, titanium nitride, and any combination
thereof.

15. The method of claim 8, wherein said causing consists
of flowing an electric current through the first conductive
path and the second conductive path.

16. The method of claim 8, wherein said causing consists
of flowing an electric current through the thin dielectric film.
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